It has been dominant in almost every major communication standards, including wireless LAN (IEEE 802.11a/g, digital video and audio standards (DVB/DAB), and Digital subscriber loop (DSL). Worldwide Interoperability for Microwave Access (WiMAX, or IEEE802.16) from the computing community and fourth generation standard Long Term Evolution (LTE) from the telecommunication community, both have adopted OFDM as the core of their physical interface.
OFDM has many advantages such as robustness against frequency selective fading (Narrow band interference), high bandwidth efficiency and efficient implementation. In OFDM modulation, a block of N data symbols X k (k = 0, 1,…, N-1), of vector X, will be transmitted in parallel such that each symbol (X k ) modulates a subcarrier f k (k = 0, 1,….,N-1). The N subcarriers are considered orthogonal, that is f k =k.∆f, where f k = 1/T and T is the OFDM symbol period. The resulting analog baseband OFDM signal x(t) can be expressed as 
In practice, the frequency complex symbol vector X is transmitted into a discrete time signal x = [x 0 ,x 1 …x N-1 ] using Inverse Discrete Fourier Transform (IDFT) i.e. x= IDFT(X).
OFDM is a frequency division multiplexing scheme used for digital multicarrier modulation method. A large number of closely-spaced orthogonal subcarriers are used to carry the data. OFDM consist of a block of 'N' data streams X k (k=0, 1, …, N-1), of vector X, which will be transmitted in parallel. These 'N' parallel data streams are then used to modulate 'N' orthogonal subcarriers. Each baseband subcarrier is given as (2) Where ƒ k is the th subcarrier frequency.
The subcarrier frequencies ƒ k are equally spaced as given by This makes the subcarriers on orthogonal. One OFDM data symbol multiplexes N modulated subcarriers as given as,
The Optical OFDM has additional advantage of achieving high spectral efficiency in two types, namely coherent-optical OFDM (CO-OOFDM) and direct detected optical OFDM (DD-OOFDM) [7] . Direct detection optical orthogonal frequency division multiplexing is the method for efficient fiber dispersion compensation for long-haul transmission. Higher rate signal is encoded into many lower rate signals, each modulated onto a separate subcarrier [3, 4] . The dispersion is equalized using a single phase shift applied to each subcarrier is realized by sending the optical carrier along with the OFDM band so that direct detection with a single photodiode can be used at the receiver to convert the optical field back into the electrical field. A parallel development to DD-OOFDM has been Coherent Optical OFDM (CO-OOFDM) [5, 14, 15] , which does not transmit the carrier, but instead uses a local oscillator laser at the receiver. It requires around 7-dB less Optical Signal to Noise Ratio (OSNR) than DD-OOFDM at the input to the receiver in order to attain the same Bit Error Ratio (BER) at the receiver's output which offers ultimate performance in spectral efficiency, polarization or chromatic dispersion tolerance and receiver sensitivity. DD-OOFDM is cost effective and simple receiver design attracts implementation in many optical systems.
OFDM has two fundamental problems: (i) Frequency offset and phase noise (ii) Large Peak to average power ratio (PAPR) [6] . Frequency offset and phase noise occur in OFDM because of its relatively long symbol length compared to that of the single carrier. Frequency offset and phase noise gaining popularity in RF communications. Frequency offset sensitivity can be mitigated through frequency estimation lead to Inter Carrier Interference (ICI). However, these disadvantages obviously have not prevented OFDM from various applications. PAPR is a random variable, because it is a function of input data, which is also a random variable. Therefore, PAPR can be calculated by finding the average number of times that the envelope of a signal crosses a given level [13] . PAPR is defined as in equation:
Where E{.} is the expected value operator. In general, most of the signals works in discrete time domain, therefore; we need to oversample the continuous signal x (t) by an over sampling factor of L, which is an integer larger than or equal to one, to approximate true PAPR values. The L-time oversampled signal x k is given in:
PAPR computed from the L-times oversampled time domain signal samples is given in equation as:
x E denotes average value over the time duration of OFDM symbol.
From the theory of Central limit theorem, it follows that for a large value of N, both the real and imaginary parts of x k are Gaussian distributed and therefore the amplitude |x k | has a Rayleigh distribution. A Cumulative Distribution Function (CDF) of |x k | is given by
2 ), ζ≥ 0 (10)
From equation (10) we can find that OFDM signals have a high PAPR value.
In this paper, we propose to use Optimal subcarrier pairing with subcarrier exclusion technique to improve OSNR and overall BER performance of OOFDM systems [2] . In section II we briefly discuss the existing techniques for PAPR reduction in optical based OFDM systems. In section III, the proposed scheme based on OSP with SE is discussed and section IV shows the simulation results supporting the ideas presented. Finally, we summarize our results in section V.
II. RELATED WORK Hong and Viterbo (2012) [1] demonstrated that subcarrier pairwise coding is beneficial to direct-detection optical OFDM systems, giving rise in gain where the subcarriers have a 3.2 dB difference in SINR across the band. It was also observed that when the carrier power is less than the sideband power, which is potentially useful in reducing the effects of fiber nonlinearity. Pairing requires no coding overhead it does not adversely impact on the spectral efficiency of the system. The results are also applicable to any optical OFDM system where subcarriers with bad SINR can be paired with subcarriers of good SINRs. Subcarrier pairing may further improved by employing optimal subcarrier pairing will ensure to achieve required OSNR. Silva et al. [10] proposed a new peak-to-average power ratio reduction technique based on a constant envelope orthogonal frequency division multiplexing (CE-OFDM) approach to mitigate fiber induced nonlinearities in direct detection optical OFDM (DDO-OFDM) [9] systems. Simulation results show that the proposed 10 Gbps DDO-CE-OFDM system using 16-QAM, 2.66 GHz signal bandwidth, and different values of electrical phase modulation index outperforms DDO-OFDM systems as it increases the fiber nonlinearity tolerance in fiber links without optical dispersion compensation. It exploits the advantages of OFDM signals and provides power efficiency, as efficient power amplification can be achieved without causing nonlinear distortion or spectral broadening by a communication system that shares many of the same functional blocks of a standard DFT-based OFDM signaling format. Signal and system definitions of the CE-OFDM format are exploited in this paper. PAPR reduction performance of this scheme is not evaluated for higher number of subcarriers as it raises peak power.
III. PROPOSED SYSTEM
To generate OFDM successfully, the relationship between all the subcarriers must be carefully controlled to maintain the orthogonality of the carriers. For this reason, OFDM is generated by firstly choosing the spectrum required based on the input data and the modulation scheme. Each subcarrier to be produced is assigned some data to transmit. The required amplitude and phase of the subcarrier is calculated based on the modulation scheme such as Quadrature Phase Shift Keying (QPSK) or Quadrature Amplitude Modulation (QAM). In this work we have considered 16-QAM for modulation. The OOFDM transmitter and receiver implementation is as shown in Fig 1. The input data stream at the rate R bps (R bits/sec) is modulated by a commonly used, more bandwidth and power efficient scheme QAM, resulting in a complex symbol stream X= X[0], X [1] ,..,X[N − 1]. This symbol stream is passed through a Serial-to-Parallel (S/P) converter, whose output is a set of N-parallel QAM symbols subcarriers. Thus, the N symbols output from the serial-to-parallel converter are the discrete frequency components of the OFDM modulator output s(t). In order to generate s(t), these frequency components are converted into time samples by performing an Inverse Discrete Fourier Transform (IDFT) on these N symbols, which is efficiently implemented using the IFFT algorithm. The IFFT yields the OFDM symbol consisting of the sequence OFDM receiver implementation with Fast Fourier Transform (FFT) is as shown in Fig.1 Received signal is down converted to baseband and filtered to remove the high frequency components. The prefix of y[n] consisting of the first μ samples is then removed. These time samples are S/P converted and passed through an FFT. This result in scaled versions of the original symbols associated with the k th sub channel. The FFT output is parallel-to-serial converted and subcarriers are rearranged at the receiver then passes through a demodulator to recover the original data.
Proposed Optimal Subcarrier Pairing (OSP) algorithm:
Get the N number of subcarriers N sc STEP 2: Calculate each subcarrier powers. STEP 3: Arrange the subcarrier powers in decreasing order. Subcarrier pairing will work better because each subcarrier has a different electrical Signal to Interference plus Noise Ratio (SINR), which typically increases with subcarrier's frequency. The performance of the poor subcarriers degrades the performance of the good subcarrier, therefore we adopt subcarrier exclusion technique to remove very poor subcarrier from pairing. The wanted subcarriers each have a different electrical SINRi, i = 1,…, Nsc, defined as the ratio of power of OFDM signal at the i-th subcarrier and the noise and interference.
IV. SIMULATION RESULTS
The simulation was carried out using Virtual Photonics Integrated (VPI) which is a powerful tool that allows simulating a wide range of optical transmission designs. This allows an easier management of the modules taking part in a simulation, as they can be treated independently or as a group when necessary. The VPI modules can be classified into three levels such as the universe, galaxy and star. A star represents a unique module with a specific function which cannot be subdivided into other modules. A galaxy can be described as a second level module formed by a set of interconnected stars (or even other galaxies). In order to be implemented on a universe, a galaxy must contain at least one input or output port. The universe is the only module that can be executed by the user. It represents the whole simulation scenario, and it can consist of a combination of interconnected stars and galaxies. The parameters of each module can be set or adjusted using the Parameter Editor Window (PEW). Co-simulation is done using MATLAB to find individual subcarrier power for subcarrier exclusion and pairing . Before beginning the simulation the parameters of VPI has to be carefully chosen, the failure of this may cause errors. Since generation of subcarriers includes IFFT algorithm at the transmitter side and its detection includes FFT algorithm at the receiver side, VPI works better when the sample rate and time window parameters are set such that they are in powers of 2. The various parameters associated with the simulation is given in the Table I. Fig.2 shows the universe schematic of the simulation setup. It consists of three galaxies named as RF up_converter, RF down_converter and MATLAB Cosimulation for subcarrier exclusion and pairing. An important feature of VPI is Cosimulation, which we have exploited in our simulation. The PRBS module provides binary bits at the rate of 10Gbps as input to the ofdm_coder star module. Prior to RF up_conversion, the Matlab program is interfaced to find subcarrier powers for subcarrier exclusion and optimal subcarrier pairing. This technique improves implementation of PAPR reduction within the OFDM symbol. The up converted OFDM signal is then externally modulated using a LASER source. We have applied
Machzhender modulator (MZM) to perform optical modulation. This modulated optical signal is now launched into standard single mode fiber of 10 loops with each loop contributing 100Kms of length. Each loop can be assisted with an optical amplifier and an optical filter to produce a better signal constellation. We have chosen single mode fiber because the non-linear effects are low compared to the multimode fiber. At the receiver side the optical signal is detected using a photo detector. The detected signal is then down converted using the down converter module and then fed to the OFDM decoder galaxy which performs the reverse process of the OFDM coder. The demodulated signal can be numerically plotted by using the NumericalAnalyzer1D_vtms module and the optical and electrical signals at various points can be viewed and analyzed using Signal Analyzer_vmts module. Fig.3 shows the received constellation obtained by plotting the I and Q components of the received signal. Since we have used 16-QAM symbol mapping we have got 16-points in the constellation. Fig.4 shows the optical power spectrum after the LASER source is externally modulated by using MZM. The frequency values (in GHz) in the x axis are relative to 193.1 THz, so this is the real frequency for the 0 Hz value in the graph. This will also be the frequency for the optical carrier signal, which is separated by a 12.5 GHz gap from both the suppressed lower sideband (left in the graph) and the optical OFDM signal centered at 15 GHz from the optical carrier.
Individual subcarrier power for 16 subcarriers are plotted in Fig.5 It is observed that few subcarrier powers are very low. In large subcarrier systems few subcarriers carries less power which will affect OSNR at the receiver. Therefore, to improve optical signal to noise ratio performance we proposed to use subcarrier exclusion (SE) technique in our system. After necessary SE optimal subcarrier pairing is done to improve OSNR with required BER. Symbol error rate (SER) of 16-subcarriers are plotted in Fig 6. Here, subcarriers are grouped based on their SNR. Peak power reduction of 4.3 dB is achieved after subcarrier exclusion and optimal subcarrier pairing is implemented.
V. CONCLUSION
Orthogonal frequency division multiplexing is being implemented in optical fiber communication systems due to its high spectral efficiency, ability to combat both polarization and chromatic dispersions. Direct detection optical OFDM. system has proved to be an effective system that mitigates chromatic dispersion. DD-OOFDM is cost effective and simple receiver design attracts implementation in many optical systems. Combination of subcarrier exclusion and optimal subcarrier pairing will provide overall system requirements. Peak power reduction is achieved by optimal subcarrier pairing technique with subcarrier exclusion technique. SER performance of the proposed optical system was evaluated and the results show that the proposed Optimal Subcarrier Pairing (OSP) technique performs better with low OSNR.
